Role of c-Jun N-terminal kinase in late nerve regeneration monitored by in vivo imaging of thy1-yellow fluorescent protein transgenic mice.
The restoration of function to injured peripheral nerves separated by a gap requires regeneration across it and reinnervation to target organs. To elucidate these processes, we have established an in vivo monitoring system of nerve regeneration in thy1-yellow fluorescent protein transgenic mice expressing a fluorescent protein in their nervous system. Here we demonstrated that motor and sensory nerves were regenerated in a coordinated fashion across the gap and that the functional recovery of the response to mechanical stimuli correlated well with sensory innervation to the foot. Among the mitogen-activated protein kinase inhibitors examined, only the c-Jun N-terminal kinase (JNK) inhibitors delayed functional recovery. Although it did not affect the reinnervation of the muscle, the JNK inhibitor delayed sensory nerve innervation to the skin for over 8 weeks and increased the expression of activatng transcription factor 3 (ATF3), a neuronal injury marker, in the dorsal root ganglion over the same time period. Antibodies against nerve growth factor, glia-derived neurotrophic factor, and brain-derived neurotrophic factor applied to the transection site delayed the functional recovery in this order of potency. These neurotrophic factors enhanced neurite outgrowth from cultured dorsal root ganglion neurons, and the JNK inhibitor reversed their stimulatory effects. These results suggest that JNK played roles in nerve regeneration at both early and late phases. Taken together, the present study demonstrated that neurotrophic factors released from the distal nerve may accelerate motor and sensory nerve regeneration across the gap in a coordinated fashion and reinnervation of the target organs independently. The model characterized here has the advantage of in vivo monitoring of the evaluation of morphological and functional recovery in the same mice for a long period of time.